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0 Automatic article handling methods and apparatus. 



@ A method of stacking boxes, cases, cartons, 
crates or the like using a computer-controlled ap- 
paratus having a lifting grab (15) fitted with two 
independently movable grippers (17.18) between 
which a box (21) to be lifted may be clamped. In a 
first step (Rgure 1), the grab is positioned at a 
loading station, the grippers (17,18) are relatively 
separated and then the grab is lowered over the next 
box to be stacked. One gripper (17) is then moved 
to a datum position and the other gripper (18) is 
moved towards said one gripper (17) so as to clamp 
a box (21) therebetween. The grab (15) is raised and 
moved together with the clamped box to a stacking 
station (Figure 5) whereat the grab is finely posi- 
tioned to have the box (21) correctly placed in the 
IF- stack under assembly with said one gripper (17) 
^alongside a previously stacked box (23). The lifted 
Qbox (21) is released by moving said other gripper 
lO(18) away from said one gripper (17) and then the 
Ograb (15) Is raised clear of the stack (Figure 7) 
without disturbing the placement of the last-lifted box 
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AUTOMATIC ARTTCLE HANDUNG METHODS AND APPARATUS 



Th,s .nvention relates to a method of assem- 
blmg a stack of articles such as boxes ^ases 
cartons, crates or the like, and also to apnarS 
speafic^lly adapted to perform such methSs 

At the end of a manufacturing process it is 
casr°"calr' --"^«=tured' ems in ^oJe" 
wh^^h' hT •- "^^^ '"^^ containers (all o 
which will hereinafter for convenience collectiveKr 
be refen-ed to as 'boxes'i anH fho„ . ^o"eciiveiy 
stark r.f o u u ' ° *° assemble a 

cally, each box is of such a li^a =,Zi - I ''^ 
Daekart •» ® ^""^ weight, when 

packed with Items, that it may easily be carried 
and moved about by hand. As a result, it is 
common for the assembly of a stac* L hov2 
foTL^': --"'-^red L^slo be Te^ 
in ^"'^ « manufacturing uZ 

hl n^^ ^ ! ^ boxes may wholly 

be performed automatically by suitable machTnery 
However, m an attempt to reduce labour costHni" 

?erS"ofTr^e"""' "''""^ 'ong 
penods of time, recently there have been devel- 
oped vanous designs of automatic stack aLem- 
bhng apparatus, adaptable to suit a wide vaS^^f 

It will be appreciated that when a stack of 
boxes IS being assembled for Instance onfpaHeT 

boxes rL°' ""-r ^ ^^^"'-^ '"^S 
boxes to be positioned closely side-by-side with 

ZT^T.j'^'^^"- --See : 

TL ^ 3"t0'"abc stack assembling apparatus 

Pabte'^f '° must 's 

pable of lifting each individual box by the t7n 
thereof, and for this purpose various types of vacu 
um lifting an-angements have been dSned Un 

lend themselves to lifting in this way and so the 

" S1xampre"°f' '° ^^^""-"^ 'V 

f-or example, if a container is covered with a rela- 

that material may be so porous that vacuum lifS^nq 
techniques cannot reliably be used aiJ^^ - ^ 

°' ^"'^'^^^^'^ --^'orlor^tutSurlTay 
be so porous or have such an uneven surfaJ^ThJ^ 
vacuum lifhng again cannot be emptoyed "'^^ 
consequently a principal object of this 
Sck oTbott " °' a^semb ing a 

cally controlled apparatus and also to provide ao- 
paratus suitable for automatic control a'nd 2e S 



assemble such a stack, both of which method and 
apparafeis overcome the disadvantages discusSd 
above for known types of stacking apparatus ulS 
vacuum lifting arrangements PP^^tus using 

5 According to this invention a method of assem- 

blmg a stack of boxes (as defined hereinbefore) 

a lifting grab having two independently movable 
gnppers between which the sides of a b^x mav b^ 
w Clamped, is characterised by the s^ps o? ^ 

(a) moving the grippers to cause the relative 
separation thereof and then lowering the g,J^ Ser 
a box located at a loading station- ^ 

,s nth»r """"'"^ °^ 9"PPe^ towards the 
tl ^"T' S'^PP^-- reaches a da 

um position and then moving the other gripper 
towards said one gripper until the box is damSl 
merebeMveen with a force sufficient to permft 
lifbng thereof fay the grab; 
20 (c) raising the grab together with the 

Clamped box and then moving tS grab to a sta^k 
assembly station whereat the position of the grS is 
adjusted so as accurately to position the box tld 
thereby for correct placement in a stack unnlr 
« a^embly and with said one gripper XsSl a 
previously-stacked box; «""8siae a 

(d) releasing the box by moving said other 
gnpper away from said one gripper; and 

(e) then raising the grab clear nf 
so tainer v^thout disturbing the 'pla^m':" ^ere^f. 

^P'-eciated that in the method of this 
.nvention. a box is picked up by the orab o 

automatic box handling appara 'by tS^^ 
Clamped between two grippers which are umed 
thH ^^^'^^^^^^ force having reg^^ to 

s Jte th"e r^'" °' -"t-ts. 
S bl^ f^^;!'^ °' °" 'f^^ sides of 

Sm t °' "^'^^^'y positioned boxes may 

w operation of the gnppers. coupled with the se- 
. . q^nce_of .operation^thereof.- 

v^tageous for each gripper to be as.thin as posl 
ble. for the minimum spacing of the boxes in e2h 

45 thickness of a gripper. — 

• P. JV'^'' °^ foregoing, it is most preferred for 
each gnpper of the grab employed in the nZZ 

c^^tl^mventiontot^intheformofasubsS^tfaS ■ 
flat plate, mounted on the grab for linear sSrtiZ 

per. Though vanous means to effect such slidina 
movement could be provided, the most prefeSS 
arrangement is to have at least one pneL'aticT^ 

disposed to cause the sliding movement thereof 
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It Is most advantageous for the automatically- 
controlled apparatus including the lifting grab to be 
computer-controlled, so as to cause the grab to be 
moved in accordance with certain directions con- 
tained in a program executed by the computer. 
Thus, the apparatus may readily be re-pro- 
grammed so as to permit the assembly of a stack 
of differently sized boxes, or with a different num- 
ber of layers, a different stacking sequence, or the 
like. For such an arrangement, the apparatus 
should be capable of controlling the grab for move- 
ment in three mutually perpendicular directions ly- 
ing in horizontal and vertical planes, as well as for 
rotation about a vertical axis, whereby the grab 
may be positioned anywhere within a predefined 
volume, and with any orientation in that volume. 
Such control thus readily permits the positioning of 
the grab over a box prior to the lifting thereof, and 
the depositing of a box In the required position as 
the stack assembly progresses. 

Preferably, the positioning of a lifted box prior 
to release thereof at the correct position in a stack 
follows the sequence of: 

(a) positioning the lifted box vertically above 
the required final position, with the grab being 
rotated as necessary to have the lifted box cor- 
rectly aligned with respect to already-stacked 
boxes, but with the lifted box displaced laterally by 
a relatively small extent from previously-stacked 
boxes against which the lifted box is to lie closely 
adjacent; 

(b) lowering the lifted box until it is spaced 
by a relatively small extent from the surface on 
which that box is to rest; 

(c) moving the lifted box laterally until said 
one gripper is in the desired final position and so 
with said one gripper substantially in the desired 
vertical plane for the side of the box being stacked 
the grab also being lowered until that box substan- 
tially contacts the surface: and 

(d) releasing the box by moving said other 
gripper before raising the grab clear of that box. 

From the foregoing, it will be appreciated that 
the box may be lowered substantially to its final 
position without any risk of that box colliding with a 
previously-stacked box in the same layer. Then, 
the box is moved laterally to its final position, which 
may be alongside a previously-stacked box for the 
case where the box being stacked is not the first 
box of a layer. For such a box. it will be appre- 
ciated that since said one gripper is used as a 
datum reference for the positioning of the grab, 
said one gripper should substantially touch such a 
previously-stacked box. 

When performing the method of this invention, 
it will be realised that certain operations may be 
compounded to be performed simultaneously or 
may be quite separately be performed. For in- 



stance, said one gripper may be moved away from 
its datum position whilst the grab is stationary, 
whilst the grab is being lowered on to the next box 
to be stacked, or whilst the grab is being raised 

5 after releasing a box - but in the latter case said 
one gripper must not be moved until clear of the 
deposited box. Equally when picking up a box. 
both grippers may move simultaneously so long as 
movement of said one gripper to its datum position 

70 is assured. 

The invention extends to apparatus specifically 
adapted for performing the method of this invention 
as described above. 

Accordingly, in a second aspect of this Inven- 

75 tion, computer-controlled apparatus for automati- 
cally assembling a stack of boxes is characterised 
by the combination of a loading station, a stacking 
station, a grab including two grippers mounted for 
independent movement towards and away from 

20 each other, first movement means to effect in- 
dependent movement of said grippers. at least one 
of said grippers being movable towards and away 
from a datum position, second movement means to 
effect movement of the grab in three mutually 

25 perpendicular directions and about a vertical axis 
within an envelope which includes said loading 
station and said stacking station, and a computer 
processing a pre-determined program of control for 
said first and second movement means, to enable 

30 boxes supplied to said loading station to be picked 
up one-at-a-time and moved to said stacking sta- 
tion, whereat a stack of the boxes is assembled by 
controlling the positioning of the grab and then 
releasing a held box by maintaining one of said 

35 grippers at its said datum position but moving the 
other said gripper away from said one gripper. 

Such apparatus is preferably computer-con- 
trolled, to permit ready amendment of the precise 
operating parameters to suit any given set of cir- 

40 cumstances. for example regarding box sizes and 
stacking requirements. 

The apparatus preferably includes a sensor for 
a box top.. to inhibit descent of the grab on picking 
up a box. and also to ensure a box truly is located 

45 between the grippers at the loading station on each 
operating cycle. The apparatus may have more 
than one pair of grippers dependent upon the box 
size and packed weight as well as the maximum 
permissible lateral crushing force which may be 

50 applied to the sides of the box. and for some 
applications It may be desirable to enhance the 
lifting effect of the grippers by means of vacuum 
lifting pads arranged to act on the top of a box 
being lifted. 

55 
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By way of illustration only, one specific exam- 
ple of a method of this invention will now be 
descnbed ,n detail, and an embodiment of lifting 
grab surtable for use in perfom,ing the method al ^ 
will be descnbed. reference being made to the 
accompanying drawings, in which:- 

Figures 1 to 8 inclusive show eight succes- 

od of^S-''" P^'^°™*"9 example of the meth- 
od of this invention; 

■ o : ^P^""'^ ^ ^ sifJe view of a grab 

Rgure 10 rs an end view on the arab nf 

Sab of^-""" ^" -clerplan 4w Of'tti 

grab of Rgures 9 and 1 0. 

Refen-ing initially to Rgures 1 to 8. there is 

mam body 16. and two substantially flat grinoer 
Plates 17 and 18. supported on rods ^9 and 20 fo 
s^that'SL? 9rab 15 is arralJged 

towards le^T'" 

each o^hl^ f ^"^^^ P'*^ independently of 
each other, for example by means of independent 
pneumatic ram arrangements (not shown) 

The grab 15 is itself supported by a suitable 

S^e grTfs "^^""^ =^°-> 

oredeSfJ Bnv^evB within a 

predefined volume. For example, such an assem- 

clmn^h!, ^'^°"^°"^-"y traversable ver^cal 
column having a slide movable vertically thereon 
an arm projecting laterally from the slide at S 

such horizontally along the arm. For 

suph an arrangement, the grab 15 should be su!- 
pended from the carriage by means of a sv^^, 

So« abn-r""'"'"^ ^ ^°*=ted through 

360 about a vertical axis. The grab 15 may thert 

wi hin ! '^^"^'^ orLan^n 

within a volume defined by the limits of travel of 

honzontally-movable carriage. 

Figure 1 shows the first step in a sequence of 

grab 15 IS shown above a box 21 to be loaded into 

TatS^^- "'*^*^^9"PP- P'-tes 17 and islept 
rated to an extent greater than the width of the tox 

the 7 '''^"^^ 9^ 'ovvered unS^ 

"^'^ *° ^^•^•^ Side o 

the side feces of the box 21 . 

Gripper plate 17 is then moved towards gripoer 
plate 18 until gripper plate 17 reaches a dSum 
position - Which conveniently is when t" TctS rng 
mechanisnn for that gripper plate reaches an end 
stop for Its travel. The box 21 is then clamped bj 

wiraVrca'^V''*' 

with a force sufficient to ensure that the box 21 is 



adequately clamped between the gripper plates to 
permit the lifting thereof, but not sS^^ea i 
move gripper plate 17 away from its datum posi- 

' \l .^^^"^^ '"""Strated diagrammatically in Rgure 
4. the grab 15 is raised, so picking up the box 21 
and IS moved as required in three dimensions and 
also rotated about a vertical axis, until the box S 

ro butTZ?'^ JT"^' ^"^"'^^^ P°«'tion. 
f^l ^ ^ e^ent away 

from any previously deposited boxes in the same 
^yer Of the stack being assembled. Rgure 5 sZs 
the lowenng of the box 21 until that box is just 
« IT '"^"'^^ ^ °" '^'^'■'^^ the box is V i 

a suitable support such as a pallet, or by the upper 
surface of an already-deposited layer of boxes^n 

20 Hw-^°^ 21 displaced laterally to 

20 he right (,n the Rgure) of that box 23. In view 0° 
this laterj displacemerrt of box 2l from its r^uTred 
final position, during the lowering of box 21 there is 
no nsk of collision between box 21 and IZ 
^ P--"S'V-'aid box (such as box 23) In the s^^ 

iu^JT® "Jf °^ 9^ '5 is then finely ad- 
justed until box 21 has its required final position 
whereat gripper plate 17 substantially touches a 
side face of the previously-laid box 23 ln the 
00 layer: gripper plate 18 is then moved awaylS^ 
gnpper plate 17 so as to release- box 21 

15 i^thf"^'®'^ *® sequence of operation, grab 
15 ^ then raised firom box 21 whereafter gripp^ 

bo;? K .°" P°='«°"'"9 the grab 15 over a furthj 
box to be loaded into the stack, the grab m^T^ 

RgT;2ir8."""^"^^-*°™^v:re^ 

Most conveniently, the above sequence of 00- 
« e^ons is fully computer-controlled.'i nduding Z 
PCS t-oning of each box in each layer of the stack 
so that the method may be perfoLed fuHy aS 
matica ly without the need for any operator sufSlt 

erating method may lead to considerable econol 
mies, reliability and convenience 

in ,IilT'"^ """^ ^ '^^ures 9 to 11. there is shown 
■n sc^e greater detail an example of a grab s^ 

J^^^-^fn body 16 Of the grab comprises a iSnt- 

Se platels SiT*"" downwardly from 

hnr-^rf^' ^ ^"PP°'' ''^^'^'^^t carries a pair of 
^onzontally-opposed double-acting pneumatic rams 

bracket 26 and each piston rod 29 being secured 
at Its free end to a respective gripper plate 17 ^ 
18. Each gnpper plate 17 and 18 has a pair of 
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bushings 30 secured thereto, a pair of rods 31 
being carried by each support bracket 26 and 
extending through the bushings 30 of each gripper 
plate 17 and 18. whereby the gripper plates 17 and 
18 may be relatively separated or moved closer 
either independently or in unison, upon expansion 
or contraction of the associated pneumatic rams 
27. 

Mounting plate 25 is suitably apertured so as 
to permit its attachment to a motorised swivel as- 
sembly, which latter Is secured to the horizontally 
movable carriage of the overall mechanised han- 
dling arrangement 

The grab 15 illustrated in Figures 9 to 11 
includes two pairs of gripper plates 17 and 18, one 
pair mounted on each bracket 26 and each of 
essentially the same construction. The arrangement 
is however that the two gripper plates 17 on one 
side of the grab operate in unison, as do the two 
gripper plates 18 on the other side of the grab, by 
appropriate interconnection of the rams. 

Also illustrated in Rgures 9 to 11 is a touch- 
sensitive switch 32 including an operating, arm 33. 
the output of this switch being used to inhibit 
descent of the grab 15 when the operating arm 
detects the top surface of a box to be lifted. Opera- 
tion of the cycle is also Inhibited If the grab is 
lowered (Figures 1 and 2) and yet no switch output 
obtained, because no box was present for picking- 
up. 

Illustrated on the grab of Rgures 9 to 11 is a 
plurality of suction lifting pads 34 suitable for use 
with certain types of box or other container not 
having a porous or irregular upper surface. For 
such boxes or other containers, there may be no 
need then to use the gripper plates and so equally 
no need to perform the operating steps of this 
invention: for such a case, the gripper plates 17 
and 18 would be removed from the grab 15 so as 
not to interfere with the operation of the apparatus. 
However, where a particularly heavy box has to be 
lifted, it may in some circumstances be advanta- 
geous to use both the gripper plates and the suc- 
tion lifting pads in association with each other, the 
gripper plates 17 and 18 then being caused to 
follow the operating steps of this invention. 



Claims 

1. A method of assembling a stack of boxes 
(as defined herein) using automatically-controlled 
apparatus including a lifting grab having two in- 
dependentiy movable grippers between which the 
sides of a box -may be clamped, which method is 
characterised by the steps of: 



(a) moving said grippers (17.18) to cause the 
relative separation thereof and then lowering the 
grab (15) over a box (21) located at- a loading 
station (Figure 1); 

5 (b) moving one (17) of the grippers towards 

the other gripper (18) until said one gripper (17) 
reaches a datum position (Figure 2) and then mov- 
ing said other gripper (18) towards the one gripper 
(17) until the box (21) is clamped therebetween 

10 with a force sufficient to permit the lifting thereof 
by the grab (Rgure 3); 

(c) raising the grab (15) together with the 
clamped box (Figure 4) and then moving the grab 
to a stack assembly station whereat the position of 

15 the grab (15) is adjusted (Figure 5) so as ac- 
curately to position the box (21) held thereby for 
correct placement in a stack under assembly and 
with said one gripper (17) alongside a previously- 
stacked box (23); 

20 (d) releasing the box (Figure 6) by moving 

said other gripper (18) away from said one gripper 
(17); and 

(e) then raising the grab (15) clear of the box 
(21) without disturbing the placement thereof 

25 (Rgure 7). 

2. A method according to claim 1. further 
characterised in that each said gripper (17.18) of 
the grab (15) is in the form of a substantially flat 
piate mounted on the grab (15) for linear sliding 

30 movement towards and away from the other grip- 
per, a pneumatic ram assembly (27) preferably 
being associated with each said gripper (17,18), 
which ram assembly is suitably disposed to cause 
the sliding movement of the gripper. 

35 3. A method according to any of the preceding 

claims characterised in that the automatically-con- 
trolled apparatus including the lifting grab (15) is 
computer-controlled, so as to cause the grab (15) 
and grippers (17,18) to be moved in accordance 

40 with certain directions contained in a program ex- 
ecuted by the computer. 

4. A method according to claim 3, further 
characterised in that the grab (15) is movable un- 
der the control of the program in three mutually 

45 perpendicular directions lying in horizontal and ver- 
tical planes, and is also rotatabie about a vertical 
axis. 

5. A method according to any of the preceding 
claims, characterised In that the positioning of a 

50 lifted box (21) prior to the release thereof at the 

correct position In a stack follows the sequence of: 
(a) positioning said lifted box (21) next to be 

stacked vertically above the required final position. 

with the grab (15) being rotated as necessary to 
55 have the lifted box correctiy aligned with respect to 

already-stacked boxes, but with the lifted box (21) 
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displaced laterally by a relatively small extent from 
previously-stacked boxes (23) against which the 
lifted box IS to lie closely adjacent: 

(b) lowering the lifted box (21) until that box 
IS spaced by a relatively small extent from the 
surface (22) on which the lifted box is to rest; 

(c) moving the lifted box (21) laterally until 
said one grlpper (17) substantially lies in the de- 
sired vertical plane for the side of the lifted box 
being stacked, the grab (15) also being lowered 
until the lifted box (21) substantially contacts the 
surface (22); and 

(d) releasing the lifted box by moving sad 
other gripper (18) before raising the grab (15) clear 
of said lifted box (21). 

6. A method according to any of the preceding 
claims, further characterised in that at least one 
movement performed by the grab (15) is com- 
pounded and perfomned simultaneously with a sec- 
(15) ^ performed by the grab 

7. Computer-controlled apparatus for automati- 
cally assembling a stack of boxes, which apparatus 
IS characterised by the combination of: 

(a) a loading station (Figure 1); 

(b) a stacking station (Rgure 5); 

(c) a grab (15) including two grtppers 
(17.18) mounted for independent movement to- 
wards and away from each other; 

(d) first movement means 27, (Rgures 9 to 30 
11) to effect independent movement of said grip- 
pers. at least one of said grippers being movable 
towards and away from a datum position; 

(e) second movement means to effect move- 
ment of the grab (15) in three mutually perpendicu- 35 
lar directions and about a vertical axis within an 
envelope which includes said loading station and 

said stacking station; and 

(f) a computer processing a pre-determined 
program of control for said first and second move- 
ment means, to enable boxes supplied to said 
loading station o be picked up one-at-a-time and 
moved to said stacking station, whereat a stack of 
the boxes is assembled by controlling the position- 
ing of the grab (15) and then releasing a held box 
by maintaining one (17) of said grippers at its said 
datum position but moving the other said gripper 
(18) away from said one gripper. 

8. Apparatus according to claim 7. further 
characterised in that least one sensor (32.33) is 
provided within the grab (15) for a box top to 
inhibit descent of the grab (15) at the loading 
station on detecting the presence of a box between 
the grippers. 

9. Apparatus according to claim 7 or 8. charac- 
terised in that vacuum lifting pads (34) are provided 
on the grab (15) between the grippers (17.18) to 
enhance the lifting effect of the grippers. 
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